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Available online 8 October 2016To analyze whether Physical activity (PA) reduces mortality risk at thirteen years' follow-up in a population-
based cohort of Spanish older adults. The NEDICES (Neurological Disorders in Central Spain) is a prospective
population-based survey of older adults (age ≥ 65 years) that comprised 5278 participants at baseline. Amodiﬁed
version of the Rosow-Breslau questionnaire was applied to categorize the PA (sedentary, light, moderate and
high) and dates of deathwere collected from the Ofﬁcial Spanish Death Registry. Cox regressionmodels adjusted
for different covariates (age, sex, marital status, smoking, previous stroke, Parkinson disease, incident dementia,
body mass index, comorbidity indexes and functional assessment) were used to evaluate the hazard of death at
thirteen years' interval according to different levels of PA. 1710 deaths (52.9%men vs. 47.1% women)were iden-
tiﬁed among 3633 individuals at thirteen years' follow-up. Hazard ratios (HRs) of the light, moderate, and high
PA groups (vs. sedentary group) were 0.64 (95% conﬁdence interval (CI) [0.56, 0.72], p b 0.001), 0.61 (95% CI
[0.53, 0.70], p b 0.001) and 0.48 (95% CI [0.41, 0.55], p b 0.001), respectively. Signiﬁcant dose effects were ob-
served between light versus the sedentary group and intense versus the moderate group. PA prevents long-
term mortality in older Spanish adults, with the highest intensity levels being those related to the lowest risk
of mortality. These ﬁndings indicate that health policies for old age care should include PA as one of the main
targets.
© 2016 Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).Keywords:
Aging
Health
Physical activity
Mortality
Population-based study1. Introduction
Physical activity (PA) is deﬁned as “any bodily movement produced
by skeletal muscles that requires energy expenditure, including activi-
ties undertaken while working, playing, carrying out household chores,
travelling, and engaging in recreational pursuits” (“WHO | Global Rec-
ommendations on Physical activity for Health”). Considering that phys-
ical inactivity is linked to the development of major chronic diseases
such as cardiovascular disease, diabetes, or certain types of cancer
(“WHO | The world health report, 2002), different patterns of PA
(type, intensity, frequency and duration) are recommended throughout
theweek for older adults (“WHO |Global Recommendations on Physical
activity for Health”).y, University Hospital “12 de
o).
en access article under the CC BY-NCIn this context, the association between physical activity and prema-
ture mortality has been discussed since the 1950s. Morris and Heady
(1953) released the ﬁrst report describing a signiﬁcant inverse relation
between occupational physical activity and cardiovascular mortality
(Morris and Heady, 1953). From then on, different studies have ex-
plored this association, with recent meta-analyses which reﬂect a
lower risk for all mortality causes in people who carry out PA (Nocon
et al., 2008; Löllgen et al., 2009; Loef and Walach, 2012; Hupin et al.,
2015; Samitz et al., 2011). However, this association has not been con-
sistent across different populations (Hayasaka et al., 2009; Brown
et al., 2012; Ottenbacher et al., 2012; Shortreed et al., 2013), and the
presence of dose effect (a linear relationship between increase of PA in-
tensity and reduction ofmortality) is controversial (Löllgen et al., 2009).
Such discrepancies could be explained by the effect of population char-
acteristics, differences in periods of follow-up (short- vs. long-term) and
proﬁle of PA analysed (e.g., type, intensity, frequency and duration). Fi-
nally, evidence has beenmainly derived from studies involvingmiddle--ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Fig. 1. Flow chart of the study.
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(Ueshima et al., 2010; Paganini-Hill et al., 2011).
The aim of this study is to analyze whether PA is a protective factor
against mortality at a thirteen-year follow-up in a population-based
sample of Spanish older people.Moreover,we testedwhether the inten-
sity of PA (light,moderate, or high)was associatedwith a dose-effect re-
sponse. This research has implications in term of seeking strategies to
prevent early mortality in older adults.
2. Methods
2.1. Participants
Data for this studywere collected from the Neurological Disorders in
Central Spain (NEDICES) cohort, a population-based survey of older
people's (age 65 years andolder)main age-related conditions, including
Parkinson's disease, essential tremor, stroke and dementia. This re-
search is part of a main study which analysed the association between
the risk of incident dementia and PA (Llamas-Velasco et al., 2015).
Brieﬂy, theNEDICES studywas carried out in threewell-deﬁned geo-
graphic areas of central Spain, to obtain a representative cohort of older
people with different socioeconomic backgrounds. Thus, participants
were selected frompopulation censuses of three communities: LasMar-
garitas, a working-class neighbourhood in Getafe (Greater Madrid);
Lista, a professional-class neighbourhood in the Salamanca district
(Central Madrid); and 38 villages from the agricultural region of the
Arévalo country (125 kmnorthwest ofMadrid). A signed informed con-
sentwas obtained from all participants at the time of enrolment. Ethical
standards committees on human research at the University Hospitals
“12deOctubre” (Madrid) and “La Princesa” (Madrid) approved the pro-
tocol of the study as complying with the Declaration of Helsinki. A de-
tailed account of the study population and methods were previously
reported (Bermejo et al., 2001; Morales et al., 2004).
It is a longitudinal study with two surveys: baseline wave (1994–
1995) and incidence wave (1997–98) among the same population. At
the time of their baseline assessment, 5278 population based older peo-
ple (57.6% women with a mean age of 74.31 ± 6.97; 53.1% without a
certiﬁcate of primary school) were interviewed using a 500-item
screening questionnaire that assessed demographic data, medical con-
ditions, current medication and lifestyle (e.g., consumption of alcohol,
smoking habits, physical activity, self-reported health). A short form of
the questionnaire was mailed to participants who were unavailable
for face-to-face or telephone screening.
2.2. Measures and testing procedure
2.2.1. Assessment of daily physical activity
The PA of individuals was collected at baseline (1994–1995) using
an adaptedmodiﬁed version (four items) of the Rosow-Breslau physical
function measure (Rosow and Breslau, 1966). The measure assesses
usual tasks performed by community-dwelling older adults
(e.g., walking half a mile, walking up and down two ﬂights of stairs,
performing heavy housework) and its test-retest reliability (r= 0.81)
and has been assessed in the Established Populations for Epidemiologic
Studies of the Elderly (Smith et al., 2010). Therefore, themeasure seems
sufﬁciently stable for longitudinal analyses, and concurrent validity was
previously established (Reuben et al., 1990). Thismeasure has also been
related to functional disability andmortality in older populations (Brock
et al., 1994; Thomas and Lichtenstein, 1986).
In this survey, trained interviewers asked the participants “How
many hours do you dedicate daily to.....” (a) sedentary lifestyle
(i.e., onlyminimal house chores or shortwalks at home); (b) light phys-
ical activity (i.e., regular house chores, walks independently at home);
(c) moderate physical activity (i.e., regular house chores, walks up to
one kilometre per day); (d) high activity (i.e., performs heavy house-
work, walks more than one kilometre or practices any sport regularly).Therefore, PAwas classiﬁed into four groups (sedentary, light,moderate
and high PA). These groups were formed with the aim of categorizing
PA under a dose-effect hypothesis (Löllgen et al., 2009; Lee and
Skerrett, 2001).
2.2.2. Indicators of health
Self-rated healthwas assessedwith one question (“In general terms,
howwould you describe your health: very good, good, fair, poor, or very
poor?” ratedwith 1 [very good] to 5 [very poor] points). Meanwhile, the
Charlson comorbidity index was calculated based on Romano's adapta-
tion (Romano et al., 1993). The following diseases were included: myo-
cardial infarction, congestive heart failure, peripheral vascular disease,
dementia, cerebrovascular disease, chronic lung disease, connective tis-
sue disease, ulcer, chronic liver disease, diabetes, hemiplegia, moderate
or severe kidney disease, diabeteswith end organ damage, tumour, leu-
kaemia, lymphoma, moderate or severe liver disease, malignant tu-
mour, metastasis and/or AIDS.
2.2.3. Mortality data source
Follow-up data on death were collected until December 31, 2007.
The date of “all causes” of death was obtained from the Ofﬁcial Spanish
Death Registry (INE). In Spain, all deceased individuals receive a death
certiﬁcate, completed by a doctor, at the time of death. The certiﬁcate
is then sent to the local police authority in the municipality where the
person had been living, and the information is recorded in the National
Register.
2.3. Statistical analysis
Statistical analyses were performed with the SAS software, version
9.3 (SAS Institute Inc, 2011). Baseline characteristics of the groups
were compared using analysis of variance (ANOVA) tests for numerical
variables and χ2 tests for categorical variables. Mortality (for all causes)
rates per 1000 person-years were calculated based on the baseline co-
hort, and Cox's proportional-hazards models (95% conﬁdence interval)
were used to test the association between PA and the risk of mortality
at 13 years. The effect of different covariates (age, sex, marital status,
smoking, previous stroke, Parkinson disease, incident dementia, body
mass index [BMI], functional assessment measured by adapted Spanish
version of Pfeffer's Functional Activities Questionnaire (FAQ; Olazaran
et al., 2005), were controlled in two independent Cox regression
models: the ﬁrst one included self-reported health, and the second
one included the Charlson index. Age was introduced as a time-
dependent covariate to adjust for the effect of aging across the study pe-
riod. Finally, Kaplan-Meier method was used to calculate mean survival
times, and log-rank tests were performed to assess the signiﬁcance of
Table 1
Characteristics of participants stratiﬁed by the intensity of physical activity.
Characteristic
Sedentary
(N = 975)
Light PA
(N = 1022)
Moderate PA
(N = 771)
High PA
(N = 865) P
Age (years) 75.1 ± 7.01 73.4 ± 6.32 72.9 ± 6.13 72.7 ± 5.90 b0.00011
Sex (% female) 479 (49.1%) 587 (57.4%) 426 (55.3%) 550 (63.6%) b0.001
Education (years) 6.34 ± 5.02 7.33 ± 4.92 7.29 ± 5.18 7.05 ± 5.44 b0.001
Marital status 583 (60.0%) 621 (60.8%) 490 (63.6%) 503 (58.2%) 0.159
Current drinking 309 (31.8%) 349 (34.3%) 274 (35.6%) 321 (37.1%) 0.103
Current smoking 134 (13.8%) 128 (12.5%) 96 (12.5%) 82 (9.5%) b0.05
BMIa 27.24 ± 5.47 27.74 ± 5.06 27.47 ± 4.86 27.33 ± 6.71 b0.05
FAQb 3.01 ± 5.33 1.71 ± 4.00 1.46 ± 3.52 1.19 ± 3.17 b0.0001
Parkinson Disease 20 (2.1%) 17 (1.7%) 10 (1.3%) 8 (0.9%) 0.231
Previous stroke 65 (6.7%) 45 (4.4%) 21 (2.7%) 22 (2.5%) b0.001
Charlson-Romano index 0.80 ± 0.76 0.70 ± 0.77 0.65 ± 0.66 0.67 ± 0.67 b0.001
Self-related healthc 125 (13.0%) 96 (9.5%) 80 (10.4%) 110 (12.8%) 0.001
Incident dementia 67 (8.4%) 31 (3.5%) 20 (2.9%) 16 (2.0%) 0.0001
Note: Data are given as mean ± standard deviation or frequencies (%).
a Body mass index.
b Functional Activities Questionnaire of Pfeffer. A high scores means worse functional capacity.
c Poor or very poor (%).
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light, moderate and high).
To test the dose-effect hypothesis, the number of hours was
weighted,multiplying the sedentary category by 1, the light PA category
by 1.2, themoderate PA category by 1.4, and the high PA category by 1.8.
Next, different cut-off points were calculated based on the quartile dis-
tribution to classify the subjects as follows: ≤15.6 h (sedentary group), ≤
17.6 h (light PA group), ≤19.4 h (moderate PA group), and N19.4 h (high
PA group). The presence of a dose effect was tested using the incremen-
tal coding procedure.
3. Results
Of the 5278 participants screened for neurological disorders at base-
line, 306 prevalent dementia cases (5.8%) were excluded from further
analyses. Therefore, 4972 participants were classiﬁed as non-
demented at baseline. Of them, 3633 participants from the ﬁnal cohort
had information about PA. No signiﬁcant differences were found be-
tween this ﬁnal subsample and participants without PA assessmentTable 2
Mortality rates, per 1000 person-years, according to age, social factors and lifestyle.
p-y Deaths Rate
Total 36,580 1710 46.7
Age
b70 years 13,859 322 23.23
70–85 years 21,088 1165 55.24
N85 years 1632 223 136.62
Education
No formal education 19,349 919 47.50
Primary school or higher 17,231 791 45.90
Marital status
Married 14,146 722 51.04
Single 22,425 986 43.97
Current drinking
No 23,866 1129 47.30
Yes 12,656 576 45.51
Current smoking
No 32,360 1471 45.46
Yes 4170 238 57.06
Physical activity
Sedentary 8641 585 67.70
Light 10,439 463 44.35
Moderate 8066 343 42.52
High 9433 319 33.81
p-y = person-years.
Rate = mortality per 1000 person-years.(N= 1339) in terms of sex (p = 0.08), but the latter individuals were
slightly older (74.4 ± 7.06 vs. 73.6 ± 6.45, p b 0.05) and had fewer
years of schooling (3.9 ± 4.34 vs. 7.0 ± 5.15, p b 0.05) than the selected
subsample. The ﬂow chart of this survey is shown in Fig. 1.
Table 1 compares the baseline characteristics of the groups ac-
cording to the level of PA. 975 individuals were classiﬁed as leading
a “sedentary lifestyle,” 1022 as “light PA,” 771 as “moderate PA,” and
865 as “high PA”. As shown, the sedentary group was signiﬁcantly
older, and the percentage of men was higher in comparison with
PA groups. The sedentary group also showed lower educational
level, higher proportion of smokers and history of prior stroke than
individuals from the PA groups. Functional status was within the
normal range in all groups, but the sedentary group obtained a
worse performance. Finally, the sedentary group had worse health
indicators (Charlson index and self-rated health) than the PA
groups.
The cohort was followed from baseline for an interval of 10 ± 3.9
years. 1710 deaths (905 men [52.9%] and 805 women [37.1%]) were
registered at follow-up (p b 0.001). Mortality rates, per 1000 person-p Rate
Men p Women p
69.93 0.0001 37.05 0.0001
36.51 13.58
71.47 44.39
0.0001 154.57 0.000 127.01 0.0001
60.80 39.43
0.43 61.05 0,93 34.10 b0.05
68.93 46.68
0.001 59.02 b0.05 26.39 0.0001
68.18 39.15
0.45 54.91 0.0001 28.78 0.001
60.34 37.27
0.0001 63.30 0,52 32.23 0,46
81.68 55.20
58.37 35.12
55.52 33.04
0.0001 43.70 0.0001 28.68 0.0001
Table 3
Cox regression models: risk of mortality and physical activity level.
PA groups HRs 95% HR CI p Men Women
HRs p HRs p
Model without adjustment for covariates
Light 0.64 0.56–0.72 b0.0001 0.70 b0.0001 0.62 b0.0001
Moderate 0.61 0.53–0.70 b0.0001 0.66 b0.0001 0.58 b0.0001
High 0.48 0.41–0.55 b0.0001 0.51 b0.0001 0.50 b0.0001
Model 1 (adjusted bya & self reported health)
Light 0.76 0.65–0.89 b0.0001 0.75 0.007 0.75 0.016
Moderate 0.84 0.71–0.98 0.030 0.86 0.161 0.75 0.023
High 0.64 0.54–0.75 b0.0001 0.58 b0.0001 0.66 b0.0001
Model 2 (adjusted bya & Charlson Index)
Light 0.79 0.68–0.92 0.003 0.82 0.056 0.76 0.019
Moderate 0.86 0.73–1.01 0.071 0.92 0.444 0.73 0.015
High 0.67 0.56–0.79 b0.0001 0.64 b0.0001 0.65 b0.0001
The sedentary group was taken as reference (n = 790).
HR: Hazard Ratio; CI: Interval conﬁdence.
a Age, sex, marital status, smoking, previous stroke, Parkinson disease, incident de-
mentia, body mass index, functional assessment.
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are shown in Table 2.
The unadjusted Cox regression model showed that the PA groups
(light, moderate and high) have a lower risk of mortality at 13 years
compared with the sedentary lifestyle group (Table 3). Even when the
Cox model was adjusted by controlling for signiﬁcant covariates of the
univariate analyses (age, sex, marital status, smoking, previous stroke,
Parkinson disease, incident dementia, body mass index, functional as-
sessment, self-rated health and Charlson-Romano comorbidity index),
any level of PA versus sedentary lifestyle remained as a protective factor
against mortality. These ﬁndings were also consistent when the sample
was stratiﬁed by sex and taking into account different health indicators
(Charlson index and self-rated health) in parallel regression models
(see Table 3), except for the moderate PA strata in Model 2, which
showed a trend toward signiﬁcance (p=0.07). Incremental codingpro-
cedure revealed the existence of a signiﬁcant dose effect (not linear)
with a lower risk ofmortality in the light PA group compared to the sed-
entary group (p b 0.0001), and in the intense PA group versus themod-
erate PA group (p b 0.0001). No dose effect was found between
moderate and level groups.
We also derived survival probability at 13 years' follow-up with the
Kaplan-Meier method. Fig. 2 shows the survival probability for the dif-
ferent levels of PA, showing a less favourable survival rate in the seden-
tary group.Fig. 2. Kaplan-Meier curves comparing survival according to level of physical activity.4. Discussion
The main ﬁnding of this prospective population-based study is that,
compared to sedentary lifestyle, PA is associated with a lower risk of
mortality for all causes in older adults after controlling for the effect of
several covariates. These results conﬁrm previous epidemiological evi-
dence about the protective role of PA in the mortality rates (Brown
et al., 2012; Ueshima et al., 2010; Paganini-Hill et al., 2011; Woodcock
et al., 2011;Wu et al., 2015; Ramalho et al., 2015), which is basically ex-
plained by the preventive effect of PA in neurological disorders and
other chronic conditions (“WHO | The world health report, 2002”;
Llamas-Velasco et al., 2015).
Interestingly, regression models showed that this protective effect
seemed slightly higher forwomen than formen in almost all strata anal-
yses, which is consistent with the results of Hupin et al. (Hupin et al.,
2015), who showed a 32% reduction in mortality risk in women com-
pared to 14% in men (Hupin et al., 2015). Likewise, Samitz et al.
(Samitz et al., 2011) also showed signiﬁcant risk ratios (0.58 women
vs. 0.72 men) for all domains of PA (occupational PA, exercise and
sports). However, other studies and the National Health and Nutrition
Examination Survey (NHANES), which used an accelerometer to mea-
sure PA, did not ﬁnd this moderator effect in older populations
(Woodcock et al., 2011;Wu et al., 2015; Long et al., 2015). A possible ex-
planation is that men and women may also overestimate or underesti-
mate, respectively, their PA level (Löllgen et al., 2009; Wu et al., 2015).
Hormone levels, estrogenic metabolism and body fat distribution also
have been proposed, but the effect of these factors may be reduced in
older samples (Hupin et al., 2015).
Signiﬁcant dose effects were identiﬁed comparing light versus sed-
entary PA groups and high versus moderate PA groups, which is also
consistent with the results obtained by Hupin et al. (Hupin et al.,
2015). However, there is a non-linear relationship between the risk of
mortality and PA, with larger beneﬁts associated with slight changes
at the lower levels of PA compared to the same increment at high or
moderate PA levels, as shown previously in other studies (Löllgen
et al., 2009; Woodcock et al., 2011). In other words, we assume that
PA prevents mortality at any level, but its effect is not proportional at
each level. In this sense, Samitz et al. found a larger reduction inmortal-
ity when PA time is increased per week but only in several domains of
PA (exercise and sports) (Samitz et al., 2011).
Several physiological mechanisms have been proposed to explain
the effect of PA as a preventive factor against mortality. For instance,
PA reduces the incidence of cardiovascular risk factors (Type 2 diabetes
mellitus, hypertension, etc.), improves cardiorespiratory ﬁtness, modu-
lates the stress cascade, changes body composition or weight and pre-
vents falls, osteoporotic fractures and disability (Wu et al., 2015;
Nelson et al., 2007; Murtagh et al., 2015).
This study has several limitations. Information about PA was col-
lected by a self-report questionnaire that was more weighted toward
functionality at home and walking abilities, whereas other studies
have used a daytime actigraphy to measure PA objectively (Fishman
et al., 2016). In addition, non-exercise PA in daily lifewas notmeasured,
which may play an important role in the beneﬁts of total activity. The
amount of PAwas only recorded at baseline, making it impossible to re-
port changes in exercise patterns over time. As other longitudinal stud-
ies, is difﬁcult to know and is a possible bias, if people more healthy are
hence physically more active, or people physically more active are
hence more healthy. It should also be noted that the group without PA
information was older and less educated than the selected sample,
which limits generalization. Finally, the effect of PA on mortality was
analysed using a single long-term follow up interval.
In this research, several strengths should be highlighted. All partici-
pants were selected from a prospective population-based study. In this
regard, a broad spectrum of older Spaniards (socio-economically di-
verse) was analysed. Complete death information of almost the entire
cohort (i.e., except for 2 individuals) was available. Finally, substantial
550 S. Llamas-Velasco et al. / Preventive Medicine Reports 4 (2016) 546–550confounders related to mortality (e.g., self-rated health and education)
were controlled in the analyses (DeSalvo et al., 2006; Brehaut et al.,
2004).
The knowledge of PA as a protective factor of mortality in late-life
periods is of special interest for preventive strategies. Mace et al.
showed that 65% of adults aged 65 or older did not meet the guidelines
for regular PA (at least 150 min of PA per week) (Mace et al., 2016). At
this point, physical inactivity has mortality implications (Wen et al.,
2011), so the promotion of PA should be a priority for health agencies
(Heath et al., 2012). To sum up, PA in older adults (aged 65 and older)
seems to be a protective factor against mortality for all causes. Speciﬁc
dose effects were identiﬁed in several groups, but there is no signiﬁcant
reduction of risk at intermediate levels of PA. Future studies should
focus on how various types, intensities and frequencies of PA could in-
ﬂuence the risk of early mortality.
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